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Summary 
Considering risk in dairy farming is important not only for major investment decisions. It is 
also important to take into account the risks involved for various day-to-day decisions, such as 
which sire (bull) to use for breeding the cows. The accumulated effect of these decisions may 
have a significant influence on overall income. In this paper we describe workshops that 
focused on assessing the risk attitude of dairy farmers with respect to both income and sire 
selection. Two commonly used methods were applied to estimate farmers' utility functions: 
ELRO and ELCE. In total, 49 dairy producers participated in the workshops. The results of 
the study indicate that farmers are less risk averse with respect to sire selection than to general 
income decisions. Furthermore, the differences in risk attitude between farmers are 
considerable, and, as follow-up research showed, risk attitudes do not show much consistency 
over time. The decision context seems to have an impact on risk attitude. 
1 Introduction 
Agriculture is constantly changing. Lack of certainty about the future creates risk, which may 
be defined as exposure to the chance of injury or loss. Profit can be viewed as a return on 
managing risk. Of course, farmers have always understood this and have taken account of risk 
in their own ways in running their farms. For many decisions, such as important decisions in 
farm business or government, there is a good deal of uncertainty and there are important 
differences between good and bad consequences. Taking risk into account can also be 
important in various day-to-day farm management decisions, such as feeding livestock, 
fertilizing land and sire selection, where the accumulated effect of choices may have a 
significant impact on overall business performance. For all these decisions, therefore, risk 
may be considered very significant. 
Sire selection is an important activity on dairy farms. It influences both production and 
income. Moreover, it is a decision which most farmers are interested in and on which they 
usually spend quite some time. The risk attitude of the farmer has a significant effect on sire 
selection. There are some computer programs available that try to find an optimal trade-off 
between profit and risk involved in breeding. Results of these programs suggest that risk-
seeking or risk-loving farmers in the Netherlands should use about three different sires to 
breed their cows, while risk-averse farmers should use at least ten different sires to breed the 
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same number of cows (Wind, 1992). Other personal and farm specific characteristics have an 
important influence on sire selection as well. 
This paper presents the results of a research project that was initiated to gain more insight 
into the process and backgrounds of farmers' decision making with respect to risk in income 
and in sire selection. Three workshops were organized in the Netherlands with in total 49 
participating farmers. The workshops included various kinds of exercises focused on sire 
selection and on farm management in general. Examples are exercises on breeding goals, 
information needs for sire selection, computer exercises on sire selection, and decision cases 
on risk attitude regarding income and sire selection. 
In this paper, the outline of the sire selection workshops is presented and discussed first, 
after which the results are presented. Special attention is paid to differences in farmers' risk 
attitude with respect to income and sire selection. The consistency of the farmers' risk attitude 
over time was studied in a follow-up research project, of which the major findings are also 
reported in this paper. 
2 Material and methods 
Definition and measurement of risk attitude 
In agricultural decision making, imperfect knowledge arising mainly from unpredictable 
variability leads to risk. Two issues are important to the concept of rational choice under risk 
(Hardaker, Huirne and Anderson, 1997): the decision makers' beliefs about the uncertainty 
they face, and their preferences for possible consequences. Beliefs can be measured as 
subjective probabilities. Preferences can be encoded via Bernoullian utility functions. An 
optimal risky decision is defined as one that maximizes the decision maker's subjective 
expected utility (SEU). The SEU model may be used in both prescriptive and descriptive 
analyses of risky choice. 
In defining the relevant terms, we follow Anderson, Dillon and Hardaker (1977) and 
Hardaker, Huirne and Anderson (1997). A decision involves a choice by a person amongst a 
set of alternative actions (or acts). The consequences of the action selected depend on the 
outcomes of uncertain events or uncertain quantities. Because the consequences are risky, 
each action open to the decision maker can be viewed as a risky prospect. The decision maker 
is assumed to hold beliefs about the occurrence of the uncertain events bearing on his decision 
as well as to have preferences for possible consequences. A rational decision is therefore 
defined as one that is consistent with the decision maker's beliefs and preferences. 
It is commonly observed that people do not base decisions under uncertainty on expected 
monetary value (EMV) of risky consequences of alternative actions. Most people opt for a 
choice with sure monetary consequences over a choice with a slightly higher EMV but 
involving risk (such as US$100 for sure or US$500 with a probability of 0.25). Bernoulli 
developed a non-linear utility function which can be used to encode an individual's preference 
for monetary consequences such that risky choice would be properly based on SEU. 
An important notion in measurement of preferences is the certainty equivalent (CE). The 
CE of a risky prospect is that sure value, in terms of the measure (often monetary) of 
consequences being used, which the decision maker is just willing to accept in lieu of the 
risky prospect (Hardaker, Huirne and Anderson, 1997). If more of the outcome is always 
preferred to less, as with monetary outcomes, it is useful to compare CE with EMV of a 
prospect. When CE is less than EMV, the decision maker is said to be risk averse; if CE is 
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greater than EMV, the decision maker is said to be risk preferring. The difference between 
EMV and CE is called the risk premium for the prospect. The case where CE equals EMV 
(i.e., risk premium is zero) is the special and relatively rare case of indifference to risk. These 
three cases can also be distinguished in terms of the shape of utility functions. In the risk-
averse case the utility function is concave. In the risk-neutral case the utility function is a 
straight line, while in the risk-preference case it is convex. 
A measure that can be used to capture the shape of the utility function in order to classify 
decision makers with respect to risk attitude is the Pratt-Arrow coefficient of absolute risk 
aversion (r(x)). It is defined as the negative ratio of the second and first derivatives of the 
utility function u(x); i.e., r(x) = -u"(x) I u'(x). The Pratt-Arrow coefficient is positive for risk 
aversion and negative for risk preference (Pratt, 1964; Raskin and Cochran, 1986). 
The ELCE (Equally Likely risky prospects and finding its Certainty Equivalent) method is 
a simple method to elicit the risk attitude of a decision maker (Anderson, Dillon and 
Hardaker, 1977). A basic element in ELCE is to find CEs for a series of hypothetical 50/50 
lotteries with risky consequences. The first step is to find the CE for the 50/50 lottery with 
the best and worst possible outcomes of the decision problem. The next step is to find the CE 
of each of the two 50/50 lotteries involving the first-established CE and the best and worst 
possible outcomes. This process of establishing utility points is continued until sufficient CEs 
are elicited to plot the utility function. For more details, the reader is referred to Anderson, 
Dillon and Hardaker (1977) and Hardaker, Huirne and Anderson (1997). 
Another method to calibrate the decision maker's utility function (over the range a to z, 
with a<z) is the ELRO (Equally Likely but Risky Outcomes) method, also described in detail 
by Anderson, Dillon and Hardaker (1977). The ELRO method is started by selecting a 
reference interval, involving two monetary outcomes y and x (with x<y). Then the decision 
maker is presented with the hypothetical 50/50 lottery: there are two choices a{ (a 50% 
chance of outcome x and a 50% chance of outcome b), and a2 (with a 50% chance of outcome 
y and a 50% chance of outcome a). Then the value of b is varied until indifference is found 
between the risky prospects ax and a2. This process is repeated with the newly established 
value of b in place of a to find a further indifference value c. The sequence of further lotteries 
presented to the decision maker provides the points on the utility curve (Alderfer, 1994). 
Research method and data collection 
Workshops were organized to determine the risk attitude of dairy farmers with respect to 
income and sire selection. They were run in February 1993, from 7:00 until 11:00 p.m. The 
workshop program and supporting materials centred around exercises and computer programs 
that encouraged active participation. In developing our workshops, we made fruitful use of the 
material of a more general workshop described by King et al. (1992). Twelve to fifteen 
farmers participated in each workshop 
Prior to each workshop, participants completed a worksheet that provided summary 
information about their farm operations and their information systems. After the introduction, 
during which the objectives and the time schedule were explained, the workshop began with 
participants introducing themselves and sharing some of their responses to questions on the 
farm information worksheet. The workshop had two major sections. The first one focused on 
the more general aspects of management, assumed to form the basis of the decision-making 
process of the farmer. This section included five exercises to help the participating dairy 
farmers define their business goals and management. Two exercises were focused on 
assessing the risk attitude for income using the ELRO method (see previous section): one 
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involving the entire range of monetary outcomes (positive and negative) and one where there 
were only positive values for income (so, situations with losses were not possible). In the 
second section of the workshop, the focus was on sire selection, being one of the critical 
success factors in dairy farming (Huirne et al., 1993; Huirne, Harsh and Dijkhuizen, 1994). 
Three exercises were included in this part of the workshop. The first one was about breeding 
goals, in which farmers ranked traits in their breeding goals. The second exercise related to 
information needs for sire selection. The final exercise was focused on risk attitude towards 
sire selection. In this exercise the farmer's risk attitude regarding sire selection was assessed 
by using the ELCE method (see previous section) based on several sire selection case 
problems that were solved by each farmer. In each problem, the farmer had to balance the 
different attributes of possible sires: price, reliability and expected production capacity (type-
production index or TPI). 
At the end of the workshop, all the completed worksheets were collected. They were also 
used for preparing follow-up reports that were mailed back to the participants (along with the 
worksheets) within a few weeks after the workshop. 
Participants and data analysis 
Participants for the workshop were selected as follows. From the data bank of the Dutch 
Dairy Herd Improvement Association (DHIA) about 150 addresses of farmers, spread over 
three regions in The Netherlands, were randomly selected. The only criterion was that the 
farmers had at least 25 black-and-white cows. In total, 49 farmers were able to attend the 
workshops in their region. 
Unfortunately, we were not able to conduct a non-response analysis. So, it may be possible 
that farmers who participated were particularly interested in topics such as 'decision making', 
'information use', and 'sire selection'. This potential self-selection bias must be kept in mind 
in interpreting the results of the study. 
Two major methods were used to analyse the data collected in the workshops: group 
comparison and regression analysis. In group comparison, data were divided into a number of 
groups according to a certain key-variable. Then averages per group were calculated and used 
to compare the groups. Several SAS-procedures were used to carry out these calculations. 
Regression analysis was carried out using SYST AT for Windows to estimate the utility curves 
of the workshop participants (in both the ELCE and ELRO method) according to the least-
squares method. In estimating the utility functions, the negative exponential utility function 
served as the basis: u(x) = a + b ecx, with a, b and c as parameters. This function was 
suggested by Smidts (1990), Clemen (1991), and Zuhair, Taylor and Kramer (1992). 
3 Results 
Description of the participants 
The ages of the 49 dairy fanners who participated varied from 22 to 60 years. Average age 
was 40.6 years. The average size of the farms was 66 cows, 65 replacements, 30 ha of 
pasture, and 7 ha of cropland. The farms had 1.7 operators, while 50% were involved in a 
partnership. More than half of all farmers used a PC and a feeding computer (Table 1). Farm 
characteristics of all participants were above national averages. This means that the workshop 
participants had relative large, well-automated farms with above-average results. 
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Table 1. Average farm information and breeding practices of the 49 dairy farmers 
Average farm information Breeding practices 
Number of dairy cows 
Number of replacements 
Pasture (ha) 
Cropland (ha) 
Milk production/cow (kg) 
Number of operators 
Partnerships 
PC-usage 
Feeding computer usage 
66 
65 
30 
7 
7769 
1.7 
50% 
63% 
42% 
Do-your-own AI 
Advice of classifier, etc. 
Local group info exchange 
Embryo transfer 
Using beef bulls 
19% 
42% 
60% 
21% 
38% 
In 1993 the farmers used on average 10 sires to breed their herds. The most popular sire in 
1993 turned out to be Sunny Boy. He was selected 35 times in the fanner's top-three, 
followed by Ideal, Nordkap and F16. In total, the 49 farmers mentioned 50 different sires in 
their top-three. 
In Table 1, some breeding practices of the farmers are also outlined: 42% of the farmers 
used advice from other people (classifier, technician or semen salesman) in their sire 
selection. Beef bulls were used on about one-third of the farms. About 60% of the farmers 
were members of a local group that exchange breeding information and ideas. 
Estimating the utility functions 
The three utility functions estimated for each of the participants were: (1) ELRO-income, (2) 
ELRO-income +, and (3) ELCE-sire. The negative exponential utility function served as the 
basis for parameter estimation. This function performed quite well: the corrected R2 (i.e., the 
variance in u(x) explained by x, corrected for the degrees of freedom) was acceptable for all 
three methods (see Table 2 and Alderfer, 1994). 
Table 2. Minimum, average and maximum values of corrected T?2 of the estimated utility 
functions 
Type of utility function Minimum Average Maximum 
Income (ELRO-income) 0.92 
Positive income (ELRO-income+) 0.92 
Sire selection (ELCE-sire) 0.93 
0.97 
0.99 
0.99 
1.00 
1.00 
1.00 
As can be seen from Table 2, the average corrected /^-values are greater than 0.97 for 
each type of utility function. The lowest corrected K found for the ELRO-income + function 
was 0.92, which is still an acceptable value. 
Pratt-Arrow coefficients 
Parameter c in the negative exponential function represents the Pratt-Arrow coefficient 
(Hardaker, Huirne and Anderson, 1997). This coefficient was estimated for all participating 
dairy farmers. Note that the Pratt-Arrow coefficient is positive for risk-averse people and 
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negative for risk-preferring people. The greater the coefficient, the greater the degree of risk 
aversion. 
Table 3. Pratt-Arrow (PA) coefficients for different types of utility functions 
Fractile 
0.25 
0.50 
0.75 
Average PA-coefficient 
ELRO-income 8
8
8 
o
d
d
 
i 
0.0036 
ELRO-income + 
-0.0014 
0.0015 
0.0033 
-0.0007 
ELCE-sire 
-0.0004 
0.0010 
0.0023 
0.0011 
Table 3 presents the averages of, and indications of the spreads in the estimated Pratt-
Arrow coefficients. Three fractiles (points on the cumulative distribution function) were used 
for evaluation. For instance, the 0.25 fractile means that 25% of the farmers had a coefficient 
less than -0.0011 in the ELRO-income method, i.e., 25% of the farmers were more risk 
seeking than the corresponding coefficient of -0.0011. The 0.50 fractile represents the 
median. The 0.75 fractile indicates that 75% of the farmers had a Pratt-Arrow coefficient less 
than 0.0064 (ELRO-income). 
The average Pratt-Arrow coefficient is less for positive income (ELRO-income + : -0.0007) 
than for income in general (ELRO-income: 0.0036), which means that dairy producers were 
less risk averse when there were no outcomes with a loss (Table 3). 
In general, one may conclude that there are considerable differences in risk attitude 
between dairy farmers. One factor to be considered here is the decision context (for example, 
general income versus income without losses). With respect to sire selection, farmers tend to 
decide in a less risk-averse manner, although this does not result in a higher number of people 
being classified as risk seekers. 
Classification of farmers 
Classifying the dairy farmers as risk averters and risk seekers on the basis of the sign of the 
Pratt-Arrow coefficients gives the results in Table 4. Note that not a single farmer had a 
coefficient of exactly zero, which would represent risk neutrality. The percentages of risk 
averters in this group are quite stable (ELRO-income versus ELRO-income+). 
Table 4. Classification of dairy farmers in two classes with respect to risk attitude 
Type of utility function Risk averse Risk neutral/seeking 
Income (ELRO-income) 65% 35% 
Positive income (ELRO-income+) 65% 35% 
Sire selection (ELCE-sire) 68% 32% 
Consistency in risk attitude over time 
To gain insight into the consistency of the farmers' risk attitude over time, the workshops 
were repeated in 1995 with exactly the same materials, at the same locations, and at the same 
time of the year (February). Of course this was not been told the farmers when they were 
invited for these follow-up workshops. The follow-up workshops only focused on (risk 
attitude regarding) sire selection. In total 26 farmers (out of the 49) were able to participate 
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for the second time. A non-response analysis showed that the 26 participating farmers had the 
same farm characteristics as the entire group (Huirne et al., 1996), and thus could be seen as 
representative of that group. 
Risk attitudes towards sire selection were significantly different between 1993 and 1995. 
As presented in Table 4, most farmers turned out to be risk averse (68%) in 1993, while 32% 
was risk neutral/seeking. In 1995, however, only 8% of the farmers were risk averse, while 
46% were risk neutral and 46% were risk seeking. When comparing the individual responses 
of the 26 farmers, a consistency of only 23.1% was observed. This means that the risk 
attitude of 76.9% of the farmers {i.e., 20 out of the 26) had changed between 1993 and 1995. 
All these changes went in the direction of less risk averse. 
4 Concluding remarks 
There are several methods to assess the risk attitude of individuals. In the workshops with 49 
dairy farmers conducted as part of the current study, two methods were used: ELRO and 
ELCE. Although it was possible to estimate utility curves for the farmers, several 
complications may have arisen. The first one relates to the computer programs used with the 
farmers. It was difficult to be sure that the farmers really understood the program and the 
questions involved. According to King and Robison (1981), utility functions derived in this 
way may be somewhat inaccurate because of problems with statistical estimation of the 
parameters and the difficulties a decision maker may have in specifying his/her preferences. 
The second complication may be the representation of risk aversion by means of the Pratt-
Arrow coefficient. The coefficient is only a local measure for concavity or convexity of the 
utility function. Pratt-Arrow coefficients can therefore only be used as an indicator of the 
degree of risk aversion or risk preference of a decision maker. A third complication may be 
the impact of the decision context (which cannot be controlled by the decision maker, such as 
the general economic situation, inflation, time available for making a decision) on the risk 
attitude. This probably explains part of the low consistency in risk attitudes over time found in 
the follow-up workshops. So far, the utility function u(x) has been estimated directly from the 
observations «A; without correction for differences in the decision context. Consider, for 
example, the analogue in estimating breeding values in animal sciences: 'phenotype = 
genotype + environment'. So, the values observed (phenotype) are corrected for 
'environment' before the real 'genotype' is estimated. Controlled laboratory experiments 
(experimental economics) with farmers may be a means to conduct such an analysis. First 
experiences with this were promising (Verstegen et al., 1995). Further research on this issue 
is needed. 
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